Introduction
glucose uptake by recruitment of insulin-sensitive glucose trasporters (GLUTs). Among them, GLUT-1 is mainly present in the micovillous membrane and basal membrane of the syncytiotrophoblast in third trimester of gestation
. Alterations in GLUT-1 expression may result from changes in plasma glucose or insulin sensitivity in a variety of cells and tissues [8, 9] . Recent in vitro experiments suggest that resistin is able to alter glucose uptake in skeletal as well as in cardiac muscle [10] , inhibiting translocation, activation of glucose transporters vesicle recycling. Exposure of 3T3L1 adipocytes to resistin impairs insulin-stimulated glucose uptake, whereas exposure to anti-resistin IgG augments glucose uptake [1] . However, no data are available about the role of resistin in human pregnancy and on placental glucose transport. [11, 12] 
The aim of this study is to determine both the role of resistin on glucose transport in the human placenta and the type of signal transduction induced by resistin in GLUT-1 regulation. A cascade of signalling events is required for glucose uptake. At present, it is clear that activation of classical mitogen-activated protein kinase (MAPK), also termed extracellular signal-regulated kinase (ERK), plays a central role in cellular transformation, up-regulates GLUT-1 expression, thereby augmenting glucose transport

. To understand the direct biological effect of resistin on placental glucose uptake, we treated trophoblast cells with recombinat resistin and we examined the effect on 2-3 H-deoxyglucose uptake and GLUT-1 regulation. We demonstrate a direct effect of resistin in both normal cytotrophoblastic cells and on a choriocarcinoma cell line (BeWo), which is a widely used model for first trimester trophoblast. Resistin modulates glucose uptake, GLUT-1 messenger ribonucleic acid (mRNA) and protein expression in placental cells. The next question concerns which type of signal transduction, induced by resistin, is involved in GLUT-1 regulation. Previous studies have demonstrated that the activation of MAP kinases plays a pivotal role in controlling the action of resistin in several
type of cells [13, 14] . 
Thus, we investigated the effect of resistin on MAP kinases signals in trophoblast cells. Our results suggest that the phosphorylation of ERK1/2 is probably involved in GLUT-1 regulation induced by resistin.
Materials and methods
Cell cultures
mM leupeptin, 20% glycerol, 1% NP-40). Total cell proteins (80 µg) were subjected to electroforesis on 10% polyacrilamide gel and after electroblotting onto PVDF membrane incubated with 5% non-fat dry milk in TBST 1X and then exposed overnight at 4°C to TBST containing 0.2-0.4 g/ml of primary antibody to total ERK or pERK (anti-ERK polyclonal and anti-pERK monoclonal IgG antibodies, Santa Cruz laboratories). Following incubation with secondary antibody, the immunocomplexes were visualized as described above. The levels of total or pERK were estimated versus the constant level of a 42-kD protein present in the cytosolic extract (␤-actin; mouse monoclonal, Sigma-Aldrich; data not shown).
In 
Statistical analyses
The results are presented as the mean ± S.E. The data were analysed using one-way ANOVA followed by a post hoc test (Bonferroni test). Statistical significance was determined at P < 0.05.
Results
It is known that isolated mononuclear trophoblast cells changed their morphological aspect during culture from uniformally distributed cells (24 hrs) to aggregates of two or more cells (48 hrs) and to multinucleated groups (72 hrs of culture). To formally demonstrate the in vitro formation of multinucleated cells, Bewo and cytotrophoblast cells were cultured for 24, 48 and 72 hrs, removed from the plates (by gentle trypsinization and scraping) and counted in a hemotocytometer (Table 2).
Effects of resistin on 2DG uptake in trophoblast cells
Uptake of 2DG in both BeWo and nomal cytotrophoblast cells was linear over the 30-min. assay period (Fig. 1). In the presence of 10-M cytochalasin B, an inhibitor of facilitative glucose transport, 2DG uptake was suppressed by over 90% and over 78% in Bewo and cytotrophoblast cells, respectively (Fig. 1). As shown in Figure 2, treatment with resistin (10 ng/ml, concentration that is reached in vivo) for 24 hrs led to a stimulation of 2-DG uptake, while higher concentrations (50-100 ng/ml) significantly impaired basal glucose uptake.
GLUT-1 expression in trophoblast cells
To study whether the effects of resistin on basal glucose uptake were due to the regulation of GLUT-1 expression, we analysed the changes in GLUT-1 protein and mRNA levels.
Western blotting analysis showed that there was a significant increase of GLUT-1 expression after incubation with resistin at dose of 10 ng/ml, whereas starting from 50 ng/ml there was a reduction of protein expression (Fig. 3) Figure 4 (A and B) , GLUT-1 mRNA was increased after treatment with resistin at dose of 10 ng/ml, but when BeWo cells were exposed to higher concentrations of resistin (50-100 ng/ml) a significant reduction in GLUT-1 mRNA was observed. (Fig. 6) .
. The mRNA for GLUT-1 was quantified by real-time RT-PCR. We observed constitutive expression of GLUT-1 mRNA in Bewo and cytotrophoblast cells. The intensity of GLUT-1 mRNA was normalized with the internal control, the GAPDH gene. As shown in
Immunocytochemistry
Immunocytochemistry of BeWo cells treated and non-treated with resistin showed a reaction product characterized by microspots-like appearance. The reaction product was mainly localized at the level of the plasma membranes. It was possible to observe an increase in GLUT-1 expression in cells treated with 10 ng/ml of resistin in comparison to non-treated
cells (Fig. 5), whereas it was difficult to appreciate an evident difference in GLUT-1 expression between cells treated with 10 ng/ml and those treated with 50 ng/ml (data not shown).
Resistin-activated ERK 1/2 phosphorylation
Treatment of normal cytotrophoblast cells with resistin (10 ng/ml) led to phosphorylation of ERK1 and ERK2, with a maximal increase at 30 min. ERK1 and ERK2 phosphorylation returned towards baseline at approximately 60 min. (data not shown).
The Western blot analysis of dose-response experiments showed the increase in ERK1/2 phosphorylation after 20 or 30 min. (Fig. 7) only at 10 ng/ml of resistin. As shown in Figure 7 , total ERK1 and ERK2 expressions were not affected by resistin treatment, suggesting a specific role of this adipokine in the regulation of phosphorylation process. Similar results were obtained with normal cytotrophoblast cells (data not shown). 
To clarify whether ERK blockage in BeWo and nor392mal cytotrophoblast cells is involved in resistin-induced GLUT-1 expression,
Fig. 3 Analysis of GLUT-1 expression in plasma membranes of BeWo and cytotrophoblast cells treated with resistin (0-100 ng/ml) for 24 hrs. A representative experiment of Western blot analyses (GLUT-1 protein and ␤-tubulin) in BeWo (A) and normal cytotrophoblast cells (B). Results of densitometric analyses. The level of GLUT-1 in BeWo (C) and normal cytotrophoblast cells (D) was estimated in comparison with the constant level of ␤-tubulin and expressed as a percentage of the control (0 ng/ml resistin = 100%). Results are means ± S.E. of six independent experiments. Significance versus untreated cells
Discussion
Recently, Yura et al. [2] [23] , resistin production by adipose tissue might be one of the causes for the increased serum resistin level in pregnancy. Such changes in resistin levels could contribute to the decrease insulin sensitivity in the latter half of pregnancy [24] beneficial for the rapid growth of the foetus.
Glucose is the primary substrate for foetal energy metabolism and in the absence of appreciable gluconeogenesis [25] , placental transport constitues the only supply for the foetus. Glucose transport across the human placenta takes place by facilitated carrier-mediated diffusion [26, 27] . The kinetic characteristics of glucose transport have been determined in human syncytiotrophoblast cell membranes [28, 29] [30, 31] . However, a quantitative estimate of the glucose transporter proteins demonstrated the absence of significant amounts of GLUT3 protein and the presence of GLUT-1 protein in human syncytiotrophoblast [32] . Immunohistochemical data have demonstrated that GLUT-1 protein is abundant on both the microvillous and basal membrane of the syncytiotrophoblast [33] . We confirmed these observations [35] . These cytokines might influence the resistin response of trophoblast cells, however, the semi-purified culture might reflect the in vivo condition better than highly purified cells.
In vitro experiments have suggested that exposure of 3T3L1 adipocytes to resistin impairs insulin-stimulated glucose uptake, whereas exposure to anti-resistin IgG augments glucose uptake [36] by mechanisms involving the regulation of suppressor of cytokine signalling-3 (SOCS-3) [37] . Recently Gravelau et al. [38] [34, 40] . Also during pregnancy, hyper-resistinemia seems to be associated with the pregnancy-induced insulin resistance [41] 
